STIC-1LL 

From: 

Sent: 

To: 

Subject: 

Please send the following: 



Sullivan, Daniel 

Monday, December 30, 2002 4:27 PM 

STIC-ILL 

Request 




AUTHOR: Binder S.W.; Said J.W.; Shintaku LP.; Pinkus G.S. 

SOURCE: American Journal of Clinical Pathology, (1992) 97/6 

(759-763) 

PubMed ID: 3524693 

AUTHOR: Carrere J; Figarella C; Guy O; Thouvenot J P 

SOURCE: BIOCHIMICA ET BIOPHYSICA ACTA, (1 986 Aug 6) 883 (1 ) 46-53 

AUTHOR(S): Gundlach, H. Gerd 

SOURCE: Hoppe-Seyler's Zeitschrift fuer Physiologische Chemie 

(1970), 351(6), 696-700 

AUTHOR(S): Specchia, G.; Petroboni, V.; Fratino, P.; Dander, B. 
SOURCE: Bollettino - Societa Italiana di Biologia Sperimentale 
(1970), 46(3), 111-14 



^AUTHOR(S): BONIN A; ROY C C; LASALLE R; WEBER A; MORIN C L 
SOURCE: J PEDIATR, (1973) 83 (4), 594-600 




AUTHOR(S): LESI C; D'ERILG V M; ZONI L; MALAGUTI P , 

SOURCE: 16TH MEETING OF THE EUROPEAN PANCREATIC CLUB, CASCAIS, 

PORTUGAL, SEPT. 13-15, 1984. DIGESTION, (1984) 30 (2), 

114-115 



Thank you. 



Daniel M. Sullivan 
Examiner AU 1636 
Room: 12D12 
Mail Box: 11E12 
Tel: 703-305-4448 




09856319 



1 October, 1973 
594 The Journal of PEDIATRICS 




!;■;.;■ Volume 83 
Number 4 



Fecal chymotrypsin: A reliable index of 
exocrine pancreatic function in children 



The 72 hour fecal output of chymotrypsin expressed in milligrams per kilogram of body 
weight was measured in 156 children. Values in 35 control subjects and in 56 children 
with various intestinal and hepatobiliary diseases did not overlap with those of 53 
children with cystic fibrosis or with three children who had chronic pancreatic disease 
with steatorrhea. However, in one child with chronic relapsing pancreatitis and in 
seven with cystic fibrosis who had a normal fat excretion, enzyme activity was normal. 
The only value within the range associated with pancreatic insufficiency was seen in a 
case of intestinal scleroderma. Duodenal enzyme concentrations in 35 children 
correlated well with fecal measurements in primary pancreatic disease with a significant 
degree of achylia. 



Andre Bonin,* Claude C. Roy, Roger Lasalle, Andree Weber, and 
Claude L. Morin, Montreal, Quebec, Canada 




The diagnosis of pancreatic exocrine 
insufficiency is facilitated by the clinical his- 
tory and by various laboratory studies, but it 
should be confirmed by exploration of the 
functional capacity of the pancreas. 

Until Haverback and associates 1 described 
a method for determining trypsin and chymo- 
trypsin in feces, the diagnosis of pancreatic 
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achylia rested entirely on the analysis of duo- 
denal contents. Duodenal drainage in the 
pediatric age group is time consuming, un- 
comfortable for the young child, and presents 
difficulties. To be reliable, the total duodenal 
secretion, free of gastric juice, must be col- 
lected over specified time periods and ana- 
lyzed for volume, bicarbonate content, and 
enzymatic activity before and after pancreatic 
stimulation with secretin and pancreozymin. 2 
The value of stool chymotrypsin for the 
diagnosis of pancreatic achylia has already 
been documented. 1, However, a high inci- 
dence of low values was found in adult pa- 
tients with steatorrhea of nonpancreatoge- 
nous origin. 1, 3 * 5 * 10 Furthermore, studies in 
children have been largely limited to patients 
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with cystic fibrosis, and no attempt has been 
made to correlate results in feces with those 
in duodenal juice. This report, concerned 
with a large group of children suffering from 
a variety of pancreatic, hepatic, and intestinal 
disorders, shows that fecal chymotrypsin ex- 
pressed as milligrams per 72 hours per kilo- 
gram of body weight constitutes a reliable 
index of exocrine pancreatic function. 

MATERIAL AND METHODS 

Sixty-four children with pancreatic disease 
were studied. The age (mean ± S.D.) of the 
60 patients with cystic fibrosis was 4.0 ± 3.3 
years. In the 40 patients regularly followed 
in the Cystic Fibrosis Clinic, investigations 
were carried out on an outpatient basis at 
least five days after discontinuing antibiotics 
and pancreatic enzymes. The other 20 chil- 
dren with cystic fibrosis were investigated 
during the course of an initial hospital work- 
up and had never received any form of ther- 
apy for their disease. Of four children with 
noncystic fibrosis pancreatic disease, three 
had chronic relapsing pancreatitis and one 
had exocrine pancreatic insufficiency and 
bone marrow dysfunction. 11 

Also studied were 57 children with various 
hepatic and intestinal disorders who had 
negative sweat tests and no clinical evidence 
of pancreatic disease. The average age (X 
± S.D.) of the 20 subjects with liver disease 
was 0.9 ± 0.9 year. There were 9 with extra- 
hepatic biliary atresia, 1 with "paucity of 
intrahepatic bile ducts," 5 with postnecrotic 
cirrhosis, and 5 with neonatal hepatitis. The 
13 patients with gluten-induced enteropathy 
had a mean age of 3.5 ± 4.1 years. Sixteen 
children aged 2.7 ± 3.7 years were grouped 
under the category of chronic diarrhea with- 
out fat malabsorption : 13 had the "irritable 
colon syndrome," 1 - and one each had sucrase- 
isomaltase deficiency, selective IgA deficiency 
with intermittent watery diarrhea, and 
chronic diarrhea of unknown etiology. There 
were 3 children with intractable diarrhea of 
early infancy, 13 3 with the short bowel syn- 
drome following ileal resection, and 2 with 
the stagnant loop syndrome secondary to in- 
testinal scleroderma. 



The control population was made up of 20 
healthy children who were evaluated in the 
outpatient clinic and 15 children admitted to 
the hospital without any evidence of disease 
of the gastrointestinal tract, liver, or pan- 
creas. The mean age of these children was 
4.6 ± 3.5 years. None had a family history of 
cystic fibrosis. 

Stools were collected between charcoal 
markers given 72 hours apart. The feces were 
kept frozen during and after completion of 
the collections. Assays for fat and chymotryp- 
sin were usually carried out within one week. 
Fat determinations were done using the 
method of Van de Kamer and associates 14 or 
the method of Jeejeebhoy and associates 15 in 
seven children with hepatic disorders who 
were on a low-fat diet supplemented with 
medium chain triglycerides. Fecal chymo- 
trypsin determinations were carried out on 
duplicate aliquots of homogenized stool di- 
luted with water. Duplicates agreed within 
+ 2 per cent and results were expressed in 
milligrams per 72 hour stool collection per 
kilogram of body weight. 

In order to establish a correlation between 
fecal and duodenal chymotrypsin, duodenal 
intubation was carried out in 35 patients and 
7 control subjects. After the tip of a weighted 
polyethylene tube was placed in the third 
portion of the duodenum under fluoroscopic 
control, gastric suction was carried out 
through a nasogastric catheter. Duodenal 
contents were collected for a single period 
of 20 minutes following the intravenous ad- 
ministration of cholecystokinin-pancreozymin 
(Boots Pure Drug, Nottingham, England) 
at a dose of 1.5 unit per kilogram. The pH 
of the duodenal aspirates, collected in tubes 
placed in Dry- Ice, varied between 6.0 and 
8.3. Duplicate aliquots were assayed for 
chymotrypsin and results were expressed in 
micrograms per milliliter of duodenal juice. 
The method of Haverback and associates 1 
was used for both stool and duodenal chymo- 
trypsin. 

RESULTS 

The children with cystic fibrosis were di- 
vided according to the values obtained for 
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Control* (35) 



C.F. with 
Steatorrhea (53) 



C.F. without 
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Fig. 1. Fecal chymo trypsin output (mg./72 hours/Kg. body weight) in 35 control subjects, 
53 children with cystic fibrosis (C.F.) and steatorrhea, and in 7 children with cystic fibrosis 
without fat malabsorption (<4.5 Gm./24 hours). The horizontal lines represent average values 
and the shaded areas 1 S.D. 



the 24 hour stool fat excretion. There were 
53 with a mean excretion of 22.7 Gm. and 
7 with less than 4.5 Gm, per 24 hours, the 
upper limit of normal in our laboratory. The 
average value for the control subjects was 
2.6 Gm. It is apparent in Fig. 1 that fecal 
chymotrypsin values expressed in milligrams 
per 72 hours per kilogram of body weight 
clearly separated the cystic fibrosis patients 
with steatorrhea from both the control sub- 
jects and children with cystic fibrosis without 
fat malabsorption. 

Results in the 57 children with hepatic or 
intestinal disorders and in the 4 with pan- 
creatic disease other than cystic: fibrosis are 
shown in Fig. 2. Three of the latter did not 
have significant pancreatic insufficiency to 



cause fat malabsorption. Nevertheless, the 
fecal chymotrypsin in this group was statisti- 
cally lower (P < 0.01) than that of the con- 
trol population. On the other hand, values 
in hepatic disorders, gluten-induced enteropa- 
thy, chronic diarrhea without fat malab- 
sorption, intractable diarrhea, and the short 
bowel syndrome did not differ from those in 
control subjects. 

Transit time, estimated by the number of 
hours taken by the charcoal marker given 72 
hours apart to begin and end stool collections, 
averaged seven hours in the three infants 
with ileal resections who had the highest 
mean output of fecal chymotrypsin (23.4 
mg.). The two children with the stagnant 
loop syndrome had a mean chymotrypsin out- 
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Fig. 2. Fecal chymotrypsin output (mg./72 hours/Kg. body weight) in gastrointestinal, hepatic 
and pancreatic disorders other than cystic fibrosis (C.F.). The horizontal lines represent the 
averages for the various groups. The shaded area corresponds to the mean ± 1 S.D. of the 
control subjects. 



put (2.6 mg.) within the range of values as- 
sociated with pancreatic disease; their transit 
time averaged 49 hours. 

Fig. 3 is a plot of the duodenal concentra- 
tions of chymotrypsin following the intra- 
venous administration of cholecystokinin-pan- 
creozymin and the corresponding fecal chy- 
motrypsin output in 7 control subjects and in 
35 patients. A concentration of 200 /ig per 
milliliter was the lowest value obtained in 
control subjects and was taken as the lower 
limit of normal. This value is somewhat be- 
low the figure of 250 fig per milliliter which 
was the lowest concentration obtained in 40 
adult control subjects by Ammann and as- 



sociates v after secretin and pancreozymin. 
The only patient with pancreatic disease who 
had a measurable concentration of duodenal 
chymotrypsin had a fecal chymotrypsin out- 
put at the lower limit of normal, and steator- 
rhea could not be documented. Chronic diar- 
rhea without fat malabsorption was asso- 
ciated with the recovery of normal duodenal 
and fecal chymotrypsin. Two patients with 
gluten-induced enteropathy had abnormal 
duodenal chymotrypsin concentrations; the 
value of 135 fig per milliliter was obtained 
in a severely malnourished 1 -year-old child. 
Marasmus was also present in the infant with 
"intractable diarrhea" who had a concentra- 
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Fig. 3- Plot of duodenal chymotrypsin concentrations (pg/ml.) versus fecal chymotrypsin out- 
put (mg./72 hours/Kg. body weight). Dotted horizontal line indicates lowest duodenal value 
(200 /*g/ml.) obtained in control subjects. 



tion of 134 /ig per milliliter. Abnormally low 
duodenal chymotrypsin was documented in 
four patients with liver disease; their fecal 
chymotrypsin output was normal. 

DISCUSSION 

Fecal chymotrypsin cannot be considered 
a diagnostic test in cystic fibrosis since about 
20 per cent of patients with cystic fibrosis 
have no evidence of pancreatic insufficiency™ 
or only partial pancreatic achylia. 2 In fact, 
the output of chymotrypsin in seven cases of 
cystic fibrosis without fat malabsorption did 
not differ from the output measured in con- 
trol subjects. However, the simple quantita- 
tion of chymotrypsin in a 72 hour collection 
of stools provided a satisfactory means of 
separating 53 children with cystic fibrosis and 
with pancreatic insufficiency manifested by 
steatorrhea from seven children with cystic 
fibrosis and with normal exocrine function 
of the pancreas. 

The measurement in 57 children with 
hepatic and intestinal disorders has yielded 
only one value (1.3 mg.) within the range 
observed in pancreatic disorders. The good 
discriminant value achieved in the present 



study contrasts with the high incidence in the 
reduction of stool chymotrypsin reported in 
adults with nonpancreatic disorders. 1, 3> 5 - 10 
One report found reduced activity in 25 per 
cent of cases. 5 It is likely that quantitation 
of fecal chymotrypsin in a 72 hour stool 
specimen represents a better general index 
of the status of the exocrine pancreas 17 be- 
cause measurement of activity in a random 
stool specimen disregards variations in en- 
zyme output related to periods of pancreatic 
stimulation and quiescence. The 72 hour 
stool weights varied between 65 and 775 Gm. 
in the 156 subjects of the present report. 
Therefore, had random specimens been used, 
a number of those with steatorrhea and a 
large fecal mass would have had subnormal 
chymotrypsin values on the basis of dilution. 
The wide age range (1 month to 16 years) 
prompted the reporting of 72 hour values in 
milligrams per kilogram of body weight. 

As mentioned previously, 1 the activity of 
fecal enzyme depends not only on the output 
of pancreatic enzyme but also on the inacti- 
vation which might take place during in- 
testinal passage. The stability of chymotrypsin 
is not only influenced by motility but also by 
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§: a host of other factors which lead to varying 
; ! degrees of binding to mucosal cells and in- 
:= testinal debris." Rapid intestinal transit in- 
creases fecal enzyme activity by diminished 
:! enzyme inactivation. y In this regard, it is 

V interesting to note the inverse relationship be- 
tween chymotrypsin and transit time in the 
three cases of short bowel syndrome and in 

& the two with the stagnant loop syndrome. 

There is only one report in adults correlat- 
■'. ing the degree of pancreatic achylia revealed 
; by the secretin-pancreozymin test with fecal 

V chymotrypsin." In patients with severe and 
moderate pancreatic insufficiency, the inci- 
dence of falsely high fecal chymotrypsin val- 

|i ues was 5 per cent and 16 per cent, respec- 
■: tively. 0 In the present study, there was a 
;* good correlation between duodenal and fecal 
f measurements in the five cases of primary 
pancreatic disease with fat malabsorption. 
The fecal value of 3.0 mg. in a 9-year-old 
?: child with chronic relapsing pancreatitis and 
. normal fat absorption, who had a duodenal 
concentration of only 63 /ig per milliliter, 
confirms the limited value of the test in pa- 
tients with pancreatic disease with a mild 
degree of achylia. 
Interpretation of results in feces at vari- 
: ; ance with abnormal values in duodenal in- 
■> tubations in two patients with gluten enter- 
; opathy, in four with chronic liver disease, and 
in the young infant with "intractable diar- 
: rhea" is more difficult. The technique of duo- 
; denal intubation used in this study does not 
permit complete collection of duodenal se- 
i cretions free of gastric juice. The vulner- 
ability of chymotrypsin to gastric juice is well 
known 19 and may explain the low duodenal 
activity found in 7 out of 42 duodenal intu- 
bation studies. It is also possible that mal- 
nutrition, a striking clinical feature in a case 
with gluten enteropathy and in the infant 
with intractable diarrhea could have led to 
alterations in pancreatic function. 20 Although 
the output of pancreatic enzymes in response 
to amino acids is reduced in adults with non- 
tropical sprue, it is normal after cholecysto- 
kinin-pancreozymin .' n The low duodenal 
trypsin values found in four children with 
intrahepatic biliary atresia were explained 



by incomplete activation of the zymogen by 
enterokinase in the absence of bile acids. 22 
However, other enzymes were normal. Evalu- 
ation of the reliability of fecal chymotrypsin 
for the assessment of the more discrete altera- 
tions in pancreatic function expected in non- 
pancreatic disorders must await more com- 
plete duodenal studies using a more sophisti- 
cated technique such as isolation of the duo- 
denal loop with a triple lumen tube. 2 

CONCLUSIONS 

A fecal chymotrypsin output of more than 
3 mg. per 72 hours per kilogram of body 
weight essentially rules out primary pan- 
creatic disease in children. However, in cases 
where the degree of pancreatic insufficiency 
does not lead to steatorrhea, low normal 
values may be anticipated. In the investiga- 
tion of the child with malabsorption, it is ad- 
vocated as a screening test. However, in cer- 
tain cases this should be supplemented by 
the more discriminant analysis of function 
provided by duodenal studies. 
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